Telocytes are a novel type of interstitial cell that has been identified in many organs of mammals, but there is little information available on these cells in avian species. This study shows the latest findings associated with telocytes in the muscular layer and lamina propria of the magnum of chicken oviduct analyzed by transmission electron microscopy. Telocytes are characterized by telopodes, which are thin and long prolongations, and a small amount of cytoplasm rich with mitochondria. Spindle-or triangular-shaped telocytes were detected at various locations in the magnum. In the muscular layer, telocytes have direct connection with smooth muscle cells. The cell body of telocytes along with their long telopodes mainly exists in the interstitial space between the smooth muscle bundles, whereas large numbers of short telopodes are scattered in between the smooth muscle cells. In the lamina propria, extremely long telopodes are twisting around each other and are usually collagen embedded. Both in the lamina propria and muscular layer, telocytes have a close relationship with other cell types, such as immune cells and blood vessels. Telopodes appear with dichotomous branching alternating between the podom and podomer, forming a 3D network structure with complex homo-and heterocellular junctions. In addition, a distinctive size of the vesicles is visible around the telopodes and may be released from telopodes because of the close relation between the vesicle and telopode. All characteristics of telocytes in the magnum indicate that telocytes may play a potential, but important, role in the pathogenesis of oviduct diseases.
INTRODUCTION
Telocytes (TCs) are novel interstitial cells of mesenchymal origin initially described in 2005 by Popescu and Faussone-Pellegrini 1 . First, they were named as interstitial Cajal-like cells (ICLCs); later on, because of their distinction from typical interstitial cells of Cajal (ICCs) based on their morphology, site of existence, ultrastructural features, and immunophenotype 1,2 , ICLCs were renamed TCs. The main characteristic of TCs is the presence of telopodes (Tps), extending from the cell body. Tps present a moniliform aspect with many dilations, a "bead on a string" look with dilatations called podoms, and thin segments named podomer. Tps can reach exceptional lengths, up to hundreds of micrometers 1 , and form attachments to various kinds of cells [3] [4] [5] [6] [7] [8] [9] [10] . The cell body of TCs varies in its shape (fusiform-pyriform-triangular) depending on the number of Tps rising directly from the cell body, and it measures between 9 and 15 µm in length 11, 12 . Podoms are possibly involved in calcium uptake/release, accommodating functional units consisting of caveolae, endoplasmic reticulum, and mitochondria 8 .
Recent studies have also described the gene expression profile, microRNA signature, proteomic analysis, and electrophysiological characteristics of TCs 13 . It has been proposed that TCs might have a role as mechanical support to make the correct organization of the connective tissue within organs, also in the neurotransmission by spreading the slow waves generated by the pacemaker ICC. In addition, TCs could be involved in intercellular signaling between stromal cells, smooth muscle cells (SMCs), microvessels, immune cells, and nerve bundles by paracrine secretion of signaling molecules and cellto-cell contacts. At present, transmission electron microscopy (TEM) is the best available method for accurate identification of TCs. By TEM, TCs have been reported in the interstitial space of many mammalian organs, such as hollow organs including the heart, intestine, uterus, pulmonary veins, etc. [3] [4] [5] [6] 8, 12, [14] [15] [16] , and parenchymatous organs including the skeletal muscle, pancreas, placenta, mammary gland, etc. 7, 9, 10, [17] [18] [19] .
The avian genital tract, unlike that of mammals, is a unilateral organ. Macroscopically, birds have a single functional oviduct, which is a simple tube coiled up in the left side of the abdominal cavity 20,21 . The magnum is the anterior and longest part of the oviduct, in which albumen is synthesized and secreted. Almost all the studies of TCs have been carried out in mammalian species; as a result, we were unable to find out any reference in the literature concerning the possible existence of TCs in birds. So the aim of the present study was to identify the TCs for the first time in an oviduct of chicken and investigate their morphological and ultrastructural characteristics and contact with surrounding cells.
MATERIALS AND METHODS
Twelve egg-laying Chinese Three-Yellow hens weighing 2.0-2.5 kg and purchased from Nanjing Farm (Nanjing, P.R. China) were used in the present study. All protocols were approved by the Chinese Committee for Animal Use for Research and Education [SYXK (SU) 2011-0036]. The birds were sacrificed by cervical dislocation.
Then we collected the oviduct samples very carefully, immediately after sacrifice. In this study, tissue blocks (magnum) were quickly fixed using the immersion fixation technique in 2.5% glutaraldehyde (Sigma-Aldrich, St. Louis, MO, USA) in 0.1 M phosphate-buffered saline (PBS, pH 7.3) overnight. The tissues were then cut to 1-mm 3 small pieces and fixed overnight in the same fixative at 4°C, rinsed three times for 8 min in 0.1 M PBS, and postfixed in 1% osmium tetra oxide (OsO 4 ) (Sigma-Aldrich) in 0.1 M PBS for 2 h. The specimens were washed in distilled water and stained en bloc with 2% aqueous uranyl acetate (Sigma-Aldrich), then washed in distilled water 3 ´ 5 min, dehydrated in ethanol, and embedded in Epon 812 R (Merck, Whitehouse Station, NJ, USA). The ultrathin sections were mounted on copper grids and contrasted with uranyl acetate and lead citrate (Sigma-Aldrich). The sections were examined and photographed with a high-resolution digital camera (16 megapixels; H-7650; Hitachi, Tokyo, Japan) connected to the TEM.
RESULTS
Ultrastructure of the entire thickness of the wall of the magnum of chicken oviduct was performed. TEM showed the existence of TCs in the muscular layer (Figs. 1 and 2), as well as within the lamina propria of the mucosa (Figs. 3 and 4). In all samples, TCs were identified according to the existence of their Tps. The long, slender Tps, occasionally convoluted with dilations, were seen with distinctive podoms and podomers (Figs. 1-6), which is the most important identifiable feature of TCs. The nucleus of TCs appeared as irregular in shape and contained clusters of heterochromatin attached to the nuclear envelope periphery (Figs. 1-4). The shape of the TCs changed from spindle to triangular, depending on the number of Tps arising directly from the body (Figs. 1-4). In the dilated processes (podom), the vesicle (V), rough endoplasmic reticulum (rER), and mitochondria were clearly observed ( Fig. 5A ).
In the muscular layer, we observed that the cell body of the TCs mainly exists in the interstitial space between the smooth muscle bundles and their very long Tps (Fig. 1) , whereas a large number of short Tps were scattered in between the SMCs, except the cell body of TCs (Fig. 2) . These short Tps were also detected as discontinuous segments with alternation of podom and podomer (Figs. 2 and 5B). Through repeated observation, we speculated that the large number of short Tps was derived from the TCs within the smooth muscle bundles. A distinctive size of vesicles was found near the Tps, including exosomes (diameter: 60-to 100-nm vesicles), ectosomes (diameter: 100-to 250-nm vesicles), and microvesicles (diameter: 250-350 nm up to 1 µm). In addition to this, we also saw some Tps located between the SMCs divided into branches in a dichotomous pattern, which formed the homocellular junction with the podom of the other Tps (Fig. 2B) . The TCs were embedded in the collagen fibers (Cfs), existed around the blood vessels (BVs) and SMCs, and some lysosomes (Ls) were found in their podom (Fig. 5A ). Our ultrastructural findings showed the close contact between the Tps and processes of macrophage (Mac) cells that are located between the SMCs (Fig. 5B) . The Tps often lie in close membrane-tomembrane nerve ending contact with SMCs; further, they also formed the homocellular junction with other Tps and heterocellular junctions with SMCs ( Fig. 6 ). Tps are often located between the potential stem cell (pSC) and smooth muscles and result from the heterocellular junction between them (Fig. 5C ). The fibroblast from Figure  5B is obviously different from TCs because of the large, dilated rER cisternae, which practically fill its cytoplasm.
In the lamina propria, extremely long Tps were twisting around each other and were usually collagen embedded ( Figs. 3, 4, 7, and 8) . The vesicles were also visible around the Tps (Figs. 3B and 7) and may be released from Tps because of the close relation between the vesicle and Tps (Fig. 3B ). The Tps with labyrinthine-like structures overlapping with each other secreted large numbers of vesicles compared to straight Tps (Fig. 7) . The Tps existed near the lymphocyte, plasma cell, and blood vessels and formed close contact with the Mac cell (Fig. 8A) . Electron microscopy also clearly shows several Tps surrounding the nerve ending and blood vessels (Fig. 8B) . 
DISCUSSION
This is the first study to identify TCs in chicken oviduct. Here the general features of TCs were identified in the magnum of chicken oviduct by TEM, as this technique assures the precise identification of TCs and is in line with the diagnostic criteria of TCs already reported in mammalian species 1,22-24 . On the basis of our study, about two to three Tps were observed in a single section, but it mostly depended on the section angle and site. It was very difficult to observe three-dimensional convolutions of Tps full length in a section. As measured on TEM images, the lengths of Tps were tens to hundreds of micrometers long 13 . TCs have slender-shaped cell bodies with a thin rim of cytoplasm surrounding the nucleus and long thin cytoplasmic processes that swiftly come out from the cellular body as displayed in our TEM images. Our findings are in line with previous findings for mammalian species.
In our study, the TCs were found between the SMCs and within the bundles of smooth muscles, so we hypothesized that they were involved in the contraction of oviduct to facilitate the transport of sperm and egg. These were similar to the enteric TCs described by Pieri et al. in the muscularis externa of the human gut (cells described at that time as ICLCs) 25 . They showed that ICLCs were intermingled with ICCs, to be CD34 + and c-kit − . Pieri et al. and Faussone-Pellegrini hypothesized that these cells might directly or indirectly be involved in gut motility 25,26 . Popescu et al. also revealed that the TCs exhibit electrical activity like ICCs 27 in the human fallopian tube; however, they are different from pacemaker ICCs 28,29 and can be distinguished from ICCs by their morphology, site of existence, ultrastructural features, and the presence of Tps 1 . Carmona et al. 14 suggested that TCs were involved in intercellular signaling, for their strategic position with other cells, nerve endings and blood capillaries, and their three-dimensional network of TPs. Our results clearly demonstrate the presence of Tps in close vicinity to the BVs and nerve endings. In addition, TCs were also found in contact with different cells through their long Tps to maintain intercellular signaling 3-11,30-37 . For example, TCs were found in close vicinity of plasma cells in this study. Plasma cells synthesized and secreted large amounts of antibodies into circulation. It was observed that the initial burst of antibody production gradually decreased as the stimulus was removed 38 , so it can be proposed that TCs might be involved in the stimulation of plasma cells to synthesize antibodies and are involved in humoral immunity [39] [40] [41] .
In previous studies, TCs were found to be located near stem cell niches in the lung and had a close relationship with these stem cell niches, suggesting that TCs might play a role in the nurturing, communicating, or stimulating of stem cells 11, 13, [42] [43] [44] [45] [46] . Popescu and colleagues 9, 13, 47 stated that TCs might be involved in tissue reparation and regeneration. Our results are in accordance with these studies and demonstrated close and direct membrane-to-membrane contact of TCs with stem cells. We can speculate that when the oviduct tissues are injured by physical, biological, or chemical factors, TCs might be activated to stimulate and promote the proliferation and differentiation of stem cells to be associated with oviduct tissue injury and initiate repair 3, 48, 49 . Our finding of TCs embedded in collagen fibers similar to those of Rusu et al. 50 and Ceafalan et al. 11 , suggesting that TCs might be involved in homeostasis, remodeling, regeneration, and repair of tissues. It is becoming increasingly evident that stem cells and TCs may work in tandem 19, 42, [50] [51] [52] [53] [54] .
In addition, the results of the present study clearly found that the TCs released vesicles and exosomes. Some studies 5,51,55-58 stated that TCs generally form and release vesicles (or exosomes), which might indicate the potential participation of TCs in intercellular communication. As in the heart, TCs interact with cardiomyocytes by heterocellular communication, direct contact (intercellular junctions), and indirect contact by shed extracellular vesicles. These vesicles transport RNA or DNA to neighboring cells or target cells, inducing epigenetic changes 51,56 . So it is suggested that released vesicles and exosomes may be involved in intercellular communication in chicken oviduct. In this phenomenon, the role of TCs cannot be overlooked in the pathology.
We had hoped to use immunohistochemistry and light microscopic techniques to localize and especially quantitate the numbers of TCs in chicken oviduct for a better understanding of the role of TCs in avian species. As we know, CD34 labeling remains the best available choice for the single immunohistochemical identification of TCs; however, sometimes it may be confused with endothelial cells in general, so CD34/PDGFRa or CD34/CD31 labeling by double immunohistochemistry can be an accurately oriented diagnosis 1,13,59 . However, our attempt regrettably failed due to the lack of available easy choice-specific avian antibodies in the market.
In conclusion, we proposed that the TCs could play an important role in the stimulation and functioning of the chicken oviduct. We positively fulfilled our aim and clearly identified TCs' morphological and ultrastructural characteristics within the interstitial spaces of the magnum. TCs connected with each other and with blood vessels, collagen fibers, stem cells, smooth muscles, lymphocytes, and plasma cells and had lysosomes. This added new data for the existence of TCs in chicken oviduct. There is still a need to further explore potential biofunctions of TCs in certain oviduct pathological conditions and mechanisms of interactions between TCs and other cells. 
